P reoPerative opioid use is thought to be associated with poorer patient outcomes compared with not using opioids, particularly in patients with musculoskeletal disease. 5, 6, 15 Physicians must balance pain relief with the risks of opioid tolerance, chronic use, and difficult postoperative pain control. obJect The aim of this study is to evaluate the relationship between preoperative opioid strength and outcomes of anterior cervical decompressive surgery. methodS A retrospective cohort of 1004 patients enrolled in 1 of 2 investigational device exemption studies comparing cervical total disc arthroplasty (TDA) and anterior cervical discectomy and fusion (ACDF) for single-level cervical disease causing radiculopathy or myelopathy was selected. At a preoperative visit, opioid use data, Neck Disability Index (NDI) scores, 36-Item Short-Form Health Survey (SF-36) scores, and numeric rating scale scores for neck and arm pain were collected. Patients were divided into strong (oxycodone/morphine/meperidine), weak (codeine/propoxyphene/ hydrocodone), and opioid-naïve groups. Preoperative and postoperative (24 months) outcomes scores were compared within and between groups using the paired t-test and ANCOVA, respectively. reSultS Patients were categorized as follows: 226 strong, 762 weak, and 16 opioid naïve. The strong and weak groups were similar with respect to age, sex, race, marital status, education level, Worker's Compensation status, litigation status, and alcohol use. At 24-month follow-up, no differences in change in arm or neck pain scores (arm: strong -52.3, weak -50.6, naïve -54.0, p = 0.244; neck: strong -52.7, weak -50.8, naïve -44.6, p = 0.355); NDI scores (strong -36.0, weak -33.3, naïve -32.3, p = 0.181); or SF-36 Physical Component Summary scores (strong: 14.1, weak 13.3, naïve 21.7, p = 0.317) were present. Using a 15-point improvement in NDI to determine success, the authors found no between-groups difference in success rates (strong 80.6%, weak 82.7%, naïve 73.3%, p = 0.134). No difference existed between treatment arms (TDA vs ACDF) for any outcome at any time point. coNcluSioNS Preoperative opioid strength did not adversely affect outcomes in this analysis. Careful patient selection can yield good results in this patient population.
and also undergo surgery more frequently than those without pretreatment narcotics. Additionally, opioid tolerance and opioid-induced hyperalgesia may complicate postoperative care and negatively affect outcomes related with surgery. These concerns are supported in studies of both total knee arthroplasty and cervical discectomy and fusion patients. 6, 15 Anterior cervical discectomy and fusion (ACDF) and cervical total disc arthroplasty (TDA) are used in the management of both radiculopathy and myelopathy with excellent success. 4, 8, 9, 12 Several studies have investigated outcome predictors of these anterior decompressive procedures. 1, 10 Among reported predictors of poor results were exposure to lower-strength opioids, high disability scores, and higher preoperative pain scores. That lower-strength opioids would be associated with poor results is counterintuitive, and the effect of preoperative opioid exposure on the results of anterior decompressive surgery has not been well examined. We hypothesized that exposure to strong opioids prior to an anterior cervical decompressive procedure would be associated with less improvement in outcomes scores. To investigate this hypothesis, we sought to measure the association between preoperative opioid strength and patient-centered outcomes following ACDF and TDA from 2 prospective, randomized, controlled trials.
methods
A post hoc analysis of data from 2 prospective, multicenter, randomized U.S. Food and Drug Administration investigational device exemption (IDE) studies was performed. These studies compared the Prestige cervical arthroplasty and the Bryan cervical arthroplasty (Medtronic Sofamor Danek) (TDA) with ACDF for the management of single-level cervical disc disease. The protocols for these studies have been previously published. 4, 8 Institutional review board approval was obtained at all participating centers. Informed consent for study participation was obtained from all patients. All patients presented with single-level, degenerative cervical disc disease causing radiculopathy, myelopathy, or both and a Neck Disability Index (NDI) score equal to or greater than 30. All patients had symptoms for a minimum of 6 weeks and underwent 6 weeks of nonoperative management, unless they continued to show neurological deterioration. Pertinent exclusion criteria included any prior cervical spine surgery, diabetes mellitus, inflammatory arthropathies (e.g., rheumatoid arthritis), or evidence of segmental instability on flexionextension films. Patients with a medical condition treated with long-term steroids or nonsteroidal antiinflammatory medications were also excluded. Patients with prior or active histories of alcohol or drug abuse or dependency were excluded. All patients were treated with an anterior decompressive procedure, with either ACDF or TDA. All patients were given routine postoperative care.
At enrollment, all patients responded to a questionnaire regarding their narcotic use. Opioid use was recorded on intake forms as "weak" narcotic medication (e.g., codeine, propoxyphene, hydrocodone) or "strong" narcotic medication (e.g., oxycodone, morphine, meperidine), according to morphine equivalents and standard prescribed dosages. Patients were thus categorized into the following groups: opioid naïve, weak opioid, and strong opioid. In addition to standard demographic information, 36-Item Short-Form Health Survey (SF-36) scores, NDI scores, and numeric pain rating scores for arm pain and neck pain were obtained at the baseline, 6-month, 12-month, and 24-month follow-up visits. Success was defined as a 15-point or greater improvement in the NDI. Patients were asked if they felt surgery was a success or failure, if surgery was as effective as they had hoped, and if they would have chosen surgery again for the same condition. Return to work was evaluated at each follow-up visit.
Preoperative and postoperative scores were compared within groups, using the Student t-test, and between groups, using ANCOVA, at each time point, using preoperative scores as a covariate. Logistic regression was used to compare the dichotomous outcome of success, controlling for preoperative NDI scores. SAS statistical software was used. Statistical significance was defined as p < 0.05.
results patient demographics
There were 1004 patients identified with baseline and follow-up data in the 2 IDE studies. Of these, 226 patients (22.5%) reported use of strong opioids at the time of enrollment, and 762 patients (75.9%) reported use of weak opioids at the time of enrollment. Only 16 patients (1.6%) reported no narcotic use at the time of enrollment. Given the small size of the opioid-naïve group, no statistical comparisons were made between this group and the weak or strong groups, and only comparisons between the latter two groups were performed.
The mean age of enrolled patients was similar between groups, and sex and race were distributed similarly between groups (Table 1) . Marital status, level of maximum education, and alcohol use were similar among groups. Tobacco use was significantly more common in the strong opioid group (38.5%) versus the weak opioid group (27.8%). Patients in the strong opioid group were less likely to be working prior to surgery, when compared with weak opioid users (52.2% and 68.2%, p = 0.001).
baseline Severity of disease
Patients taking strong narcotics had higher baseline NDI scores, more neck pain, and more arm pain than the weak opioid cohort (Tables 2-4 ). Preoperative SF-36 Physical Component Summary (PCS) scores were lower in the strong opioid group (more disability), though the difference was small and perhaps of no clinical meaning (strong: 29.2 ± 12.4; weak: 32.9 ± 14.4, p < 0.001; naïve: 31.0 ± 12.0). Similarly, a small, but statistically significant, difference in preoperative SF-36 Mental Component Summary (MCS) scores was observed, with the strong opioid group showing slightly more disability (strong: 40.3 ± 24.0; weak: 43.7 ± 24.2; p < 0.001, naïve: 46.5 ± 28.4).
outcomes
Mean improvement in NDI score was 36.3 points in the strong and 33.5 points in the weak cohorts. This differm. p. Kelly et al.
ence was not statistically significant, p = 0.181 (Table 2) . Success, as defined by 15 point NDI improvement, was not different between groups at any time point, and no difference in this outcome measure was present between groups at any follow-up time point (Table 5) .
Significant improvement from baseline in arm pain and neck pain was seen in both weak and strong opioid cohorts, and no differences in arm or neck pain scores were present at any follow-up time point (Tables 3 and 4) . No significant differences in SF-36 PCS score improvements were present at any follow-up time point (Table 6) . Statistically significant differences in SF-36 MCS scores were present, although they did not meet the minimum clinically important difference and are of minimal clinical significance.
Patient-perceived results and patient satisfaction were similar among groups at all follow-up time points (Table  7 ). Return to work was similar between groups at all follow-up time points. Adverse events reported during the 24-month follow-up period were similar between groups, including events related to reports of neck or arm pain and other pain. There were no differences at any time point in patient satisfaction with the results of the surgery between groups. There were no differences in outcomes when groups were divided by treatment received (ACDF or TDA).
discussion
The use of opioids in the initial management of musculoskeletal disease is becoming increasingly common.
2 In this analysis of 1004 patients with cervical radiculopathy or myelopathy, only 1.6% of patients were narcotic naïve at the time of enrollment. The American Society of Interventional Pain Physicians has stated that opioid medications may be effective for short-term use in acute pain; however, use that becomes chronic is increasing. 13 Further, opioids do not appear to be as effective for neuropathic pain as they are for allodynic pain, and, therefore, are generally less effective in the study population. 11 This chronic use of opioids is concerning as it may lead to tolerance, with escalating doses of opiates, and to opioid-induced hyperalgesia, with paradoxical pain in response to opioid exposure. Both may influence the poor outcomes observed in the nonoperative and operative management of musculoskeletal disease, including cervical degenerative disease. 1, 3, 6, 14, 15 Higher doses of opiates have been correlated with higher complaints of disability, higher rates of treatment noncompliance, and higher rates of surgery. A reasonable fear is that use of stronger opioids may be associated with worse outcomes in anterior cervical decompressive procedures, such as ACDF and TDA.
In this post hoc analysis of data obtained from 2 prospective, randomized, controlled trials of anterior cervical decompressive procedures for single-level radiculopathy or myelopathy we have found no evidence that preoperative narcotic strength affected outcomes. Disease-specific measures (arm pain, neck pain, NDI) and measures of general health (SF-36 PCS) were similar at all follow-up visits for patients with histories of use of either weak or strong opioids. Unfortunately, narcotic-naïve patients were so rare that statistical comparisons were not possible for this group. Nonetheless, the results of the naïve group appear similar to the strong and weak groups. No difference in success rates, as defined by a minimum of 15 point improvement in the NDI, was present at any time point between groups, and patients were similarly pleased with the results of the surgery at all follow-up time points.
It is difficult to contrast the results of this study with prior works investigating the use of opioids and anterior cervical surgery. 1, 6 Lawrence et al. examined the results of 91 consecutive patients treated with ACDF for cervical radiculopathy. 6 Though the outcome measures reported are not validated, these authors reported good results in only 51% of patients receiving opioids for 6 months or more before surgery versus good results in 86% of the opioid-naïve group. The chronic opioid group had 32% poor results while the opioid-naïve group had no poor results. They conclude that surgeons must counsel patients regarding the risk of poor results after surgery if they have taken opioids for more than 6 months prior to surgery. Their conclusions agree with the findings in total joint arthroplasty, where preoperative opioid intake has been associated with poor results. 3, 15 These studies do not compare the results associated with differing relative strengths of opioids used. The results of our study show that patients receiving high strength opioid pain medications can experience good results and deem their surgeries "successful." Unfortunately, we are not able to compare opioid-naïve patients with the strong and weak strength groups. An analysis of patients undergoing ACDF in 2 IDE studies found work status, higher disability scores, litigation, and impaired sensory function were associated with poor outcomes. 1 The strength of the preoperative opioid did not influence results. Our results suggest a similar conclusion.
There are, however, several limitations to this study. We are unable to quantify the dose and duration of preoperative opioid use. Thus, we are unable to calculate a morphine equivalent dose for a more uniform comparison of preoperative intake and any association with results. In some cases, those taking weak opioids may have taken quantities larger than strong opioid patients. At the extreme, the weak opioid cohort may have taken higher morphine equivalent dosing, on average, though the results of the study would be unchanged. Also, we are unable to quantify the duration of symptoms in any patient. Patients with chronic pain and chronic opioid exposure may not have been offered the opportunity to participate in these studies. As a result, there also may be demographic differences between patients deemed candidates for enrollment and those not offered enrollment, which limit the generalizability of our data. The excellent overall results confirm the importance of patient selection for surgery as was presumably done in the rigidly administered trials.
Also a concern with chronic or high dose opioid use is opioid-induced hyperalgesia, where opioid exposure potentiates rather than alleviates pain. While chronic exposure is often associated with this phenomenon, both acute and chronic use can result in this condition. 7 A comparison with a narcotic-naïve group is desirable, to evaluate any effect that opioids may have on outcomes, though this was not possible with these data, given the paucity of opioid-naïve patients. That so few patients were opioid naïve points to the ubiquity of the use of opioids in the nonoperative management of cervical degenerative disease with neck and arm pain. The IDE trials excluded patients with histories of drug or alcohol abuse, again limiting the generalizability of the results and highlighting the importance of careful patient selection. Finally, these data come from 2 trials investigating single-level cervical disease. It stands to reason that these findings would transfer to multilevel surgery for radiculopathy or myelopathy, though this may not be the case.
Despite the aforementioned limitations, these data support the idea that opioid strength may not adversely affect outcomes in anterior cervical decompressive procedures. It is unlikely that any prospective cohort will be able to enroll a similar number of patients, which is a strength of the data presented here. The weaknesses of this study should be used to help guide the design of a prospective, observational cohort study. To confirm, or refute, these conclusions, a study will need to collect duration of symptoms, duration of opioid use, average daily morphine equivalent opioid consumption, and postoperative opioid use. Such a study is necessary given the common use of opioids in the nonoperative management of these pathologies.
conclusions
In this post hoc analysis of data obtained from 2 prospective IDE trials, we found no association between preoperative narcotic intake and poor outcomes following anterior decompressive surgery for single-level cervical disease. The prevalence of narcotic use in the nonoperative management of these pathologies is high, with few narcotic-naïve patients enrolled in either study. Despite the prevalence of opioid use, no difference was observed between patients taking high or low strength opioids, and good results were obtained in the majority of cases. These data will aid surgeons in counseling patients prior to anterior cervical decompressive surgeries for single-level disease and confirm the importance of careful patient selection when performing these procedures. These results should allay fears of surgeons that high strength narcotic use precludes good results following the treatment of single-level cervical degenerative disease.
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